Introduction
============

Placenta-specific protein 1 (PLAC1), located at human chromosome Xq26, is a small (212 amino acid) secreted protein whose normal expression is limited almost exclusively to placental trophoblasts ([@b1-ijo-50-05-1721]--[@b3-ijo-50-05-1721]). It is unique to the Placentalia having first arisen some 165 million years ago and is conserved in placental mammal genomes by purifying selection ([@b4-ijo-50-05-1721]). Since its discovery, PLAC1 has been shown to be a crucial element in the establishment and maintenance of normal placentation ([@b5-ijo-50-05-1721],[@b6-ijo-50-05-1721]). In addition, beginning in 2006, PLAC1 expression has been detected in a wide range of cancers and cancer cell lines ([@b7-ijo-50-05-1721]--[@b16-ijo-50-05-1721]). Moreover, high PLAC1 expression is significantly associated with more advanced and/or aggressive disease leading to worse patient outcomes ([@b13-ijo-50-05-1721],[@b15-ijo-50-05-1721]). Two crucial *in vitro* studies of PLAC1 demonstrated that knockdown in MCF-7 and BT-549 breast cancer cells ([@b8-ijo-50-05-1721]) and in HTR8/SVneo trophoblast cells ([@b6-ijo-50-05-1721]) significantly ablated both proliferation and invasiveness of the cells. Such results clearly provide an explanation as to why tumors induce PLAC1 expression.

PLAC1 mRNA transcription is initiated from two separate promoters, usually termed P1, or distal, and P2, or proximal. Both promoters appear to be active within cells that express PLAC1, but the latter promoter has been shown to be the primary transcription driver in placental tissues while the former is the primary transcription driver in cancers ([@b14-ijo-50-05-1721],[@b17-ijo-50-05-1721]). A recent *in vitro* study of P1 transcription in transformed fibroblasts found that p53 protein can repress transcription by blocking binding of the RXRα and LXRβ transcription factors ([@b18-ijo-50-05-1721]). We wanted to determine if this transcriptional repression mechanism was operating in patient tumors and what effect p53 mutation might have on PLAC1 transcription repression. In addition, we wanted to know whether or not the p53/PLAC1 relationship had an influence on patient outcomes, specifically survival. The presence of PLAC1 expression in ovarian cancers has been known for some time ([@b12-ijo-50-05-1721]) and because serous ovarian cancers characteristically have high rates of p53 mutation ([@b19-ijo-50-05-1721]) we considered it to be the ideal cancer on which to focus. To this end, we assembled a panel of 38 serous ovarian tumors in which we determined PLAC1 mRNA expression, the percentage of PLAC1 expression specifically driven from the P1 promoter, TP53 mutation status and p53 protein expression. Importantly, we obtained clinical information including stage, grade, treatment and survival to use in assessing the effects of p53 status and PLAC1 expression.

We are able to report here that PLAC1 expression, and specifically that portion driven by the P1 promoter, is significantly determined by TP53 mutation status. We found that 13 of the 38 tumors were wild-type TP53 (34.2%) while 25 of 38 carried a p53 mutation (65.8%). Wild-type TP53 is significantly associated with PLAC1 transcription repression whereas most p53 mutants lead to de-repressed PLAC1 expression (p\<0.01) and, in particular, the portion due to P1-driven transcription (p\<0.001). We also find a significant negative relationship between PLAC1 transcript number and patient survival (log-rank test p\<0.02). We suggest that patients with p53 compromised tumors experience a worse prognosis in part due to the positive effect that de-repressed PLAC1 expression has on cell growth and proliferation. This finding suggests the intriguing possibility that determining the combination of PLAC1 promoter-specific mRNA expression and p53 mutation status in a patient tumor could be useful as an aid in making therapeutic decisions in ovarian cancer in order to improve outcomes for those among whom there is evidence of p53 mutation and high PLAC1 expression.

Patients and methods
====================

Patient tumor samples
---------------------

Primary tumor tissues from 38 patients diagnosed with serous ovarian carcinoma and treated in the Department of Obstetrics and Gynecology of University of Iowa Hospitals and Clinics were obtained at the time of surgery under informed consent (IRB\#201605841). Following histologic confirmation, tissues were flash frozen and archived in the Women\'s Health Tissue Repository housed within the University of Iowa Department of Obstetrics and Gynecology ([@b20-ijo-50-05-1721]). Primary patient demographics and clinical data are presented in [Table I](#tI-ijo-50-05-1721){ref-type="table"}.

Nucleic acid purifications
--------------------------

Total cellular RNA was purified from 0.1 g pieces of frozen tumor tissue using the mirVana RNA isolation kit according to the manufacturer\'s instructions (Thermo Fisher Scientific). High molecular weight genomic DNA (gDNA) was purified from adjacent tumor pieces using the DNeasy Blood and Tissue kit according to the manufacturer\'s instructions (Qiagen). RNA and DNA yield and purity were determined using a NanoDrop Model 100 spectrophotometer (Thermo Fisher Scientific).

Quantitative real-time PCR assay
--------------------------------

Messenger RNA (mRNA) expression levels in each tumor was determined by SYBR Green qPCR assay. To begin, 500-ng aliquots of total RNA were reverse transcribed in the presence of SuperScript III reverse transcriptase under recommended conditions (Thermo Fisher Scientific). Resulting single stranded cDNAs were then amplified in the presence of SYBR Green on an Applied Biosystems Model 7900HT Real-Time PCR system in the Genomics Division of the University of Iowa Institute of Human Genetics (IIHG). The specific primer sequences used to amplify total PLAC1 message, promoter 1 (P1)-specific PLAC1 message, and the 18S rRNA endogenous normalizer are given in [Table II](#tII-ijo-50-05-1721){ref-type="table"}.

Cycle threshold values (Ct) for each tumor were normalized (ΔCt) against the 18S rRNA endogenous control. Total PLAC1 transcripts and percent P1-specific message were determined for each tumor based upon a linear regression from total PLAC1- and PLAC1P1-specific standard curves. Standard curves consist of serial dilutions of PLAC1- and PLAC1P1-specific target clones ranging from 10^12^ to 10^6^ copies. Total PLAC1- and PLAC1P1-specific transcripts were calculated as $\text{PLAC}1_{T} = 10^{(13.912 - 0.293(\text{Ct}_{T}))}$ and $\text{PLAC}1_{P1} = 10^{(14.148 - 0.306(\text{Ct}_{P1}))}$. Percent P1 is then (PLAC1~P1~/PLAC1). Note that PLAC1 transcript numbers are per 500 ng of starting RNA for each tumor. Standard curve-derived primer efficiencies computed from the regression equations are 0.968 for total PLAC1 and 0.946 for PLAC1P1.

p53 sequencing
--------------

Tumor p53 sequencing was carried out on an Applied Biosystems Model 3730×l 96-capillary sequencer in the Genomics Division of the University of Iowa Institute of Human Genetics (IIHG). gDNA aliquots (100 ng) were PCR amplified in four blocks using primer sequences shown in [Table II](#tII-ijo-50-05-1721){ref-type="table"}. Each block amplicon was visualized on a 1.3% agarose gel and then processed for sequencing using the QIAquick PCR Purification kit according to the manufacturer\'s instructions (Qiagen). Each purified amplicon was completely sequenced in both directions.

Protein purification and blots
------------------------------

Total protein was purified from the tumor tissues by homogenizing tumor tissue with a Fisher PowerGen 125 homogenizer in the presence of protease and phosphatase inhibitors. Final protein concentration was determined by BCA assay ([@b21-ijo-50-05-1721]) (Thermo Fisher Scientific) read in duplicates on a BioRad xMark microplate spectrophotometer. Protein concentration was calculated against within-plate standard curves.

Protein expression was assessed via dot blot. A 40-*µ*g aliquot of total protein from each tumor as determined by the BCA assay was spotted on a gridded nitrocellulose membrane. P53 expression was assessed using Santa Cruz antibody sc-126 and the β-actin control with Sigma-Aldrich A1978. Dot blots were analyzed in Image Studio ver. 5.2 (Licor). Dots were pseudo colored in Image Studio with red and blue corresponding to high and low expression respectively. To reduce the impact of outlier bright pixels the total protein signal was calculated by subtracting the local median background signal from the total pixel intensity for each dot. Protein loading was controlled by normalizing each dot to their respective β-actin protein levels.

Clinical variables and survival analysis
----------------------------------------

Univariate and multivariate association analyses via linear regressions were carried out for both total PLAC1 expression and % P1 contribution against numerous patient characteristics including age at diagnosis, BMI and treatment response as well as tumor variables including histologic type, stage, grade, TP53 mutation status and p53 protein expression. Significant variables in the univariate analyses were then included in a multivariate analysis to assess independent association. Survival analyses were performed using Cox proportional hazard ratios and comparisons between survival curves were calculated with long-rank test. Statistical significance was accepted at p\<0.05.

Results
=======

Promoter-specific PLAC1 expression
----------------------------------

PLAC1 mRNA transcripts and the percent coming off the P1 promoter is shown for all 38 ovarian tumors in [Table III](#tIII-ijo-50-05-1721){ref-type="table"}. These data show there is a considerable range in both variables. As for total PLAC1 transcripts, the lowest value is 83.9×10^6^ in OVC21 while the highest is 9.1×10^9^ in OVC05 (median, 7.8×10^7^). It is important to note that these values are relative to a starting mass of 500 ng of total cellular RNA. With regard to the percentage of transcript originating at the P1 promoter there is also a wide range with the lowest being 3% in OVC46 and the highest being 100% in OVC10, OVC24, OVC29, and OVC57 (median, 36%). Overall, there is a small but statistically significant Spearman rank correlation between total transcript number and % P1 transcription, r=0.363 (p\<0.01).

p53 sequencing
--------------

Sequencing of the p53 gene from tumor gDNA revealed 25 mutations (65.8%) and 15 wild-type (34.2%). Consistent with other p53 mutation studies, 21 of the 25 mutations are located in the DNA-binding domain (84.0%), one in the transactivation domain and three in the tetramerization domain ([Fig. 1](#f1-ijo-50-05-1721){ref-type="fig"} and [Table III](#tIII-ijo-50-05-1721){ref-type="table"}). Four mutations result in the creation of premature stop codons and two others result in amino acid deletions. All of the remaining 19 mutants lead to single amino acid changes.

One of the two deletion mutants, OVC34, is loss of the codon for N~131~ while the other, OVC33, is a loss of the splice acceptor at exon 5 leading to skipping amino acids Y126 to K~132~. The K~132~ codon, AAG, places a splice acceptor in-frame at M~133~. Of the four termination mutants, three, OVC05, OVC19 and OVC63, are direct creation of stop codons. The fourth deletion mutant, OVC54, is a single base G loss at M~160~ or A~161~ resulting in a frame-shift ending with a stop codon at M~169~.

Twenty-one mutations occur in the DNA-binding domain, including the two deletion mutants and one of the four termination mutants. Several of these DNA-binding domain mutants are \'DNA contact\' mutants involving R~248~, R~273~ or R~280~ ([@b22-ijo-50-05-1721]). None of the observed mutations affect residues responsible for maintaining the structural integrity of the DNA binding surface such as R~175~, G~245~, R~249~ and R~282~ but mutants V~173~M (OVC45 and OVC50) and D~281~H (OVC57) are adjacent. Three mutants, F~270~S (OVC11), Y~220~C (OVC14) and Y~220~H (OVC26), are located in another tertiary structure, the β-sandwich, responsible for maintaining protein structural integrity ([@b22-ijo-50-05-1721]).

p53 and PLAC1 transcription
---------------------------

The relationship between PLAC1 transcription and p53 mutation status is shown in [Fig. 2A](#f2-ijo-50-05-1721){ref-type="fig"}. There is a clear association with p53 mutation status with both total PLAC1 transcripts as well as for % P1 transcripts. For total PLAC1 mRNA transcripts, tumors containing a p53 mutant present significantly more message than do tumors with wild-type p53 (p\<0.01). Similarly, tumors containing a p53 mutant have a significantly higher percentage of that PLAC1 message coming from the P1 promoter (p\<0.001). These results are consistent with the finding *in vitro* that PLAC1 transcription from the P1 promoter is ablated in the presence of wild-type p53 ([@b18-ijo-50-05-1721]).

Examination of human PLAC1 genomic sequence upstream of the P1 transcription start site includes the previously reported binding sites for RXRα and LXRβ transcription factors ([@b17-ijo-50-05-1721]) and a possible p53 response element ([Fig. 2B](#f2-ijo-50-05-1721){ref-type="fig"}). While this p53RE is not canonical for p53 transcription initiation sites, it is consistent with the more relaxed structures associated with p53 transcription repression ([Fig. 2C](#f2-ijo-50-05-1721){ref-type="fig"}) ([@b23-ijo-50-05-1721]).

p53 protein expression
----------------------

Recognizing that a p53 null tumor would likely de-repress PLAC1 transcription in the same way that TP53 mutants would, we purified protein from each of the 38 tumors and spotted a dot blot. The blot was then scanned and a relative signal intensity value assigned to each tumor ([Table III](#tIII-ijo-50-05-1721){ref-type="table"}). A false-color image of p53 protein expression levels in all 38 tumors is shown in [Fig. 3](#f3-ijo-50-05-1721){ref-type="fig"}. These data show measurable protein detected in all but two of the tumors, OVC07 and OVC12. Several of the other wild-type tumors display very low but detectable p53 protein levels. It can also be seen that it is the mutant p53 proteins that are present in significantly higher levels versus wild-type protein (p\<0.01).

Patient outcome
---------------

We and others have clearly associated high levels of PLAC1 in cancers with poor patient outcomes ([@b24-ijo-50-05-1721]). Moreover, mutations in p53, especially a group of mutants collectively referred to as oncomorphic ([@b25-ijo-50-05-1721]), have also been linked to poor outcomes in ovarian cancers. One of the selection criteria applied to the tumor panel used in the present study is that there must be complete follow-up on the patients. Using these data we analyzed tumor characteristics against patient survival. We found a significant negative relationship between PLAC1 transcript number (in 10^8^ copies per 500 ng total RNA) and patient survival (in months from surgery) (log-rank test p\<0.02) ([Fig. 4](#f4-ijo-50-05-1721){ref-type="fig"}).

Discussion
==========

We have presented evidence from a panel of 38 serous ovarian tumors that expression of placenta-specific protein 1 (PLAC1) as well as the proportion of that expression emanating from the P1, or distal/cancer, promoter is significantly determined by the presence of the tumor suppressor p53 and its mutation status. We have shown that whether p53 protein is mutated or absent the effect is to de-repress PLAC1 transcription. Also, consistent with studies in other cancers ([@b13-ijo-50-05-1721],[@b15-ijo-50-05-1721]), high PLAC1 expression in serous ovarian cancer is associated with more aggressive disease and worse patient outcomes.

The previously reported *in vitro* study of the role of TP53 in PLAC1 P1 transcriptional repression also examined common p53 DNA contact mutants R175H, R248W, R249S and R273H and showed that PLAC1P1 transcription is substantially increased ([@b18-ijo-50-05-1721]). It is further commented on that, among human cancer cell lines, those with p53 mutations tend to have higher PLAC1 expression levels ([@b8-ijo-50-05-1721],[@b9-ijo-50-05-1721],[@b13-ijo-50-05-1721],[@b18-ijo-50-05-1721]). The results reported herein further support and extend the *in vitro* data to primary serous ovarian tumors. Taking % P1 transcription ≤25% as an operational definition of repression, nearly all p53 wild-type tumors repress PLAC1 transcription and nearly all p53 mutant tumors de-repress PLAC1 transcription ([Table III](#tIII-ijo-50-05-1721){ref-type="table"}). However, there are exceptions. For example, tumors OVC45 and OVC50 both carry a V173M mutation and display relatively similar levels of PLAC1 transcript. While OVC50 is clearly de-repressed at 96% PLAC1P1, OVC45 is only 6% PLAC1P1. These data would suggest that more than just TP53 status is contributing to PLAC1 regulation in a subset of tumors and those nuances will require further study. Howeever, for the greater number of tumors we studied, TP53 status appears to be a primary determinant of PLAC1 expression.

Another phenomenon appearing in the present data is that while the wild-type TP53 tumors in which protein is detectable successfully appear to repress PLAC1P1 transcription, the two presumably null tumors act very differently. OVC07 is a clear example of de-repression while OVC12 performs as a good repressor with low PLAC1 transcript number and only 12% PLAC1P1 transcription. On the other hand, OVC56 p53, though wild-type, is highly expressed but PLAC1P1 is 81%. In general though, mutant p53 proteins are highly expressed in our tumors and PLAC1 expression is de-repressed in spite of protein levels. On the contrary, it appears that only a relative small amount of wild-type p53 is sufficient to repress PLAC1 mRNA transcription. Mutant p53 protein overexpression is termed the dominant-negative effect ([@b22-ijo-50-05-1721],[@b26-ijo-50-05-1721]) and it appears that cells are trying to compensate for the defective protein by making a great deal more of it. We observe that this cellular response is in vain, at least as regards PLAC1 mRNA transcription repression.

Deservedly known as the guardian of the genome ([@b27-ijo-50-05-1721]), p53 carries out its role as a major transcriptional regulator by activating or repressing transcription of a host of target genes ([@b28-ijo-50-05-1721]--[@b30-ijo-50-05-1721]). Historically, the transcriptional activation function of p53 has been the most studied and best understood of the two functions but evidence is accumulating regarding the transcription repression function that is in play here ([@b31-ijo-50-05-1721]). Among the mechanisms of transcriptional repression exerted by p53, it appears that simple direct competition with other transcription factors is the most likely means by which p53 exerts its influence on PLAC1 expression. That is, p53 occupies a binding site in the PLAC1P1 promoter through which it prevents binding of the usual transcription factors RXRα and LXRβ ([@b18-ijo-50-05-1721]) ([Fig. 5](#f5-ijo-50-05-1721){ref-type="fig"}). Excellent *in vitro* experimental evidence supporting a more sophisticated model of PLAC1P1 transcriptional regulation has been presented elsewhere ([@b18-ijo-50-05-1721]). This model involves the interplay of numerous components including p53, RB, the nuclear receptor co-activator NCOA2 and histone modulation. However, for the majority of the serous ovarian tumors in this study the simple assessment of whether or not p53 protein is present and whether or not it is mutated suffices to understand PLAC1 expression. By extension then, determination of TP53 mutation status via DNA sequencing, p53 protein expression by western blotting or immunohistochemistry and PLAC1 expression by qPCR may serve in many cases to predict patient prognosis and inform treatment. We do not suggest that our simple TP53-PLAC1 axis is all that is involved by any means, especially in light of the more comprehensive *in vitro* PLAC1P1 transcription model ([@b18-ijo-50-05-1721]). However, taking the basic data presented here, we propose that assessment of both TP53 and PLAC1 status could potentially be beneficial to women diagnosed with serous ovarian cancer by identifying those patients with TP53 mutated tumors and/ or p53 protein is absent. In these women the disease is likely to be more aggressive and their survival reduced. Knowing this, more targeted/adjuvant therapies may be called for from the outset.
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![Map of the twenty-five TP53 mutations found by sequencing all 38 tumors in this study. Organization of the p53 coding region including the three major functional domains is shown.](IJO-50-05-1721-g00){#f1-ijo-50-05-1721}

![(A) PLAC1 transcript number (left) and % P1 promoter-specific transcription (right) in tumors harboring a TP53 mutation versus tumors with wild-type TP53. (B) The genomic region around the PLAC1P1 transcription start site (TSS) showing the location of the RXRα and LXRβ transcription factor binding sites ([@b17-ijo-50-05-1721]) as well as the putative p53 binding site. (C) Sequence of the putative p53 binding site aligned with a consensus transcription repressor sequence ([@b23-ijo-50-05-1721]).](IJO-50-05-1721-g01){#f2-ijo-50-05-1721}

![(A) False color image of p53 protein expression intensity on a dot blot containing all 38 ovarian cancers. (B) False color image of β-actin loading control expression on the same dot blot as shown in (A). Tumors containing a wild-type TP53 gene are in blue, tumors containing a TP53 mutation are yellow. Blue images indicate low expression levels and red images indicate high expression levels. Tumor ID numbers correspond to those listed in [Table III](#tIII-ijo-50-05-1721){ref-type="table"}. Two tumors, OVC30 and OVC39, were removed from this figure and from the rest of the study as it was determined on final review that neither was a serous ovarian cancer.](IJO-50-05-1721-g02){#f3-ijo-50-05-1721}

![Log-rank regression of PLAC1 transcript number (x10^8^ per 500 ng of total RNA) on patient survival (in months from diagnosis). Tumors with wild-type TP53 are indicated with red circles while tumors bearing TP53 mutations are indicated with black circles.](IJO-50-05-1721-g03){#f4-ijo-50-05-1721}

![A graphic representation of p53 protein binding blocking RXRα and LXRβ transcription factor binding at the PLAC1P1 promoter (above) and the inability of mutant p53 protein to bind and displace RXRα and LXRβ transcription factor binding (below). Note that p53 null tumors will have the same inability to repress PLAC1P1 transcription.](IJO-50-05-1721-g04){#f5-ijo-50-05-1721}

###### 

Patient demographics and clinical data.

  Characteristic                                           Category   No.    \%
  -------------------------------------------------------- ---------- ------ ------
  Age                                                      20--29     1      2.6
  30--39                                                   2          5.3    
  40--49                                                   5          13.2   
  50--59                                                   8          21.1   
  60--69                                                   12         31.6   
  70--79                                                   7          18.4   
  80+                                                      3          7.9    
  Stage[a](#tfn1-ijo-50-05-1721){ref-type="table-fn"}      R          2      5.3
  IIIA                                                     3          7.9    
  IIIB                                                     1          2.6    
  IIIC                                                     24         63.2   
  IV                                                       8          21.1   
  Grade                                                    ND         4      10.5
  2                                                        3          7.9    
  3                                                        31         81.6   
  Response[b](#tfn2-ijo-50-05-1721){ref-type="table-fn"}   Complete   29     76.3
  Incomplete                                               9          23.7   

R, recurrent.

Complete response is defined as no evidence of disease for six months following a standard course of platinum plus Taxol chemotherapy.

###### 

Primer sequences.

  Amplicon                                                    Size (bp)   Sequence[a](#tfn3-ijo-50-05-1721){ref-type="table-fn"}
  ----------------------------------------------------------- ----------- --------------------------------------------------------
  PLAC1                                                       232         F: 5′-CACCAGTGAGCACAAAGCCACATT-3′
  R: 5′-CCATGAACCAGTCTATGGAG-3′                                           
  PLAC1P1                                                     370         F: 5′-AAACTTACACGAGGAGTCTGTC-3′
  R: 5′-CTGTGACCATGAACCAGTCTAT-3′                                         
  18S rRNA                                                    104         F: 5′-AACTTTCGATGGTAGTCGCCG-3′
  R: 5′-CCTTGGATGTGGTAGCCGTTT-3′                                          
  p53 block 1[b](#tfn4-ijo-50-05-1721){ref-type="table-fn"}   908         F: 5′-CAGACACTGGCATGGTGTT-3′
  R: 5′-ATATTCAACTTTGGGACAGGAGT-3′                                        
  p53 block 2[b](#tfn4-ijo-50-05-1721){ref-type="table-fn"}   661         F: 5′-TGTAGACGCCAACTCTCTCTA-3′
  R: 5′-AACCCATTTACTTTGCACATCTC-3′                                        
  p53 block 3[b](#tfn4-ijo-50-05-1721){ref-type="table-fn"}   1,002       F: 5′-TCATCTTGGGCCTGTGTTAT-3′
  R: 5′-AAAGCTGGTCTGGTCCTTTA                                              
  p53 block 4[b](#tfn4-ijo-50-05-1721){ref-type="table-fn"}   1,412       F: 5′-GGTACTTGAAGTGCAGTTTCTACT-3′
  R: 5′-GTGCAGGCCAACTTGTTCA-3′                                            

All primers were designed using PrimerQuest software available on-line at Integrated DNA Technologies ([www.idtdna.com](http://www.idtdna.com)). All primers were synthesized by IDT as well.

Block 1 contains exons 2--4, block 2 contains exons 5--6, block 3 contains exons 7--9 and block 4 contains exons 10--11.

###### 

Clinical and molecular characteristics of the primary tumors in this study.

  Tumor ID   Age   Stage   Grade   Response   TP53            p53 protein[a](#tfn5-ijo-50-05-1721){ref-type="table-fn"}   PLAC1 transcripts[b](#tfn6-ijo-50-05-1721){ref-type="table-fn"}   \% P1
  ---------- ----- ------- ------- ---------- --------------- ----------------------------------------------------------- ----------------------------------------------------------------- -------
  OVC02      71    IIIC    3       CR         wt              0.10                                                        377870460                                                         15
  OVC04      66    IIIC    3       IR         wt              0.04                                                        218276486                                                         07
  OVC05      81    IIIC    3       CR         W91ter          0.04                                                        9068463009                                                        05
  OVC06      44    IV      2       CR         wt              0.03                                                        214248894                                                         14
  OVC07      57    IIIC    3       IR         wt              0.00                                                        5219928344                                                        28
  OVC08      57    R               CR         wt              0.08                                                        293903138                                                         24
  OVC10      55    R               IR         R273H           0.20                                                        2203433716                                                        100
  OVC11      72    IIIC    3       IR         F270S           0.03                                                        4483436342                                                        33
  OVC12      68    IIIC    2       CR         wt              0.00                                                        140271823                                                         12
  OVC13      72    IIIC    3       IR         R280G           3.37                                                        5534290300                                                        42
  OVC14      58    IV      3       CR         Y220C           0.11                                                        367149085                                                         72
  OVC16      38    IIIC    3       CR         R273H           0.21                                                        318066098                                                         52
  OVC17      49    IIIC    2       CR         R273C           0.81                                                        4497521474                                                        97
  OVC18      59    IIIC    3       IR         wt              0.12                                                        299093109                                                         39
  OVC19      67    IIIC    3       CR         E339ter         0.29                                                        3001202216                                                        73
  OVC21      65    IIIC    3       IR         wt              0.01                                                        83880665                                                          18
  OVC23      70    IIIC    3       CR         Y163C           0.75                                                        846229522                                                         44
  OVC24      64    IIIC            CR         C135R           4.00                                                        3254926969                                                        100
  OVC25      80    IV      3       CR         wt              0.01                                                        565689548                                                         07
  OVC26      64    IIIC    3       CR         Y220H           0.01                                                        270915037                                                         22
  OVC28      73    IIIC    3       CR         E358D           0.09                                                        454113159                                                         49
  OVC29      66    IIIA    3       CR         Y126S           1.15                                                        781595028                                                         100
  OVC32      61    IV      3       CR         A276G           1.66                                                        2131955668                                                        93
  OVC33      53    IV      3       CR         del Y126-K132   0.83                                                        2718172019                                                        100
  OVC34      45    IIIA    3       IR         del N131        1.68                                                        4185362949                                                        76
  OVC35      27    IIIB    3       CR         wt              0.01                                                        237797036                                                         09
  OVC43      60    IV      3       CR         R248Q           0.05                                                        1652055526                                                        74
  OVC45      62    IV      3       CR         V173M           0.79                                                        2923011797                                                        06
  OVC46      75    IIIC    3       CR         wt              1.16                                                        722147991                                                         08
  OVC50      67    IIIC    3       CR         V173M           1.44                                                        1516484830                                                        96
  OVC51      62    IIIC    3       CR         R280G           1.06                                                        443139152                                                         53
  OVC52      57    IIIC    3       CR         R248Q           0.36                                                        769568136                                                         60
  OVC53      45    IV      3       CR         wt              0.07                                                        885711108                                                         26
  OVC54      72    IIIC    3       CR         A161ter         0.33                                                        779703161                                                         05
  OVC56      86    IIIA    3       CR         wt              0.77                                                        551335638                                                         81
  OVC57      37    IIIC    3       IR         D281H           4.00                                                        787667563 100                                                     
  OVC59      49    IIIC    3       CR         R248W           0.29                                                        4065716208                                                        30
  OVC63      54    IIIC            CR         R342ter         0.18                                                        928899559                                                         15

Relative image intensity based upon dot blot scan.

$\text{Transcripts} = \text{PLAC}1_{T} = 10^{(13.912 - 0.293(\text{Ct}_{T}))}$ per 500 ng of total protein.
